Adult height reflects an individual's socio-economic background and offers insights into the well-being of populations. Height is linked to various health outcomes such as morbidity and mortality and has consequences on the societal level. The aim of this study was to describe small-area variation of height and associated factors among young men in Switzerland.
Introduction
The average height of a given adult population serves as a measure of nutritional status and living conditions across the first 20 years of life, capturing the influence of periods of deprivation and subsequent catch-up growth (Bogin, 1999) . Whereas genes are largely responsible for an individual's height potential (c80%), variation in average height over time and across sub-populations can be driven by systematic differences in diet, disease environment, economic conditions, workload and healthcare, which in turn determine the extent to which individuals in these subpopulations realize their genetic potential (Grasgruber et al., 2016; McEvoy and Visscher, 2009; Steckel, 2009 ). Thus, adult height reflects an individual's socio-economic background and offers insights into the well-being of populations (A'Hearn et al., 2009; Akachi and Canning, 2015; Baten and Blum, 2014; Dalou, 2015; Komlos, 2008) .
Height can also be linked to various health outcomes such as morbidity and mortality (Engeland et al., 2003) . Overall, being taller seems to be negatively related to all-cause and cardiovascular disease (CVD) mortality, but positively related with cancer mortality (The Emerging Risk Factors Collaboration, 2012) . However, the precise mechanisms underlying these associations have yet to be identified. Furthermore, height has consequences on a societal level: taller men evaluate their life as more favourable (Deaton and Arora, 2009) , have greater success in the marriage market, and have greater career chances in the labour market compared to shorter men (Herpin, 2005; Magnusson et al., 2006) . Similar to what is found in Germany, a height premium was also associated with 5 per mille additional salary per cm of stature (or 1.52 per mille per inch) in Switzerland in 2002 (Gautschi and Hangartner, 2006; Heineck, 2005; Hübler, 2009) . The positive effect of height on labour market outcomes has been described for various countries (Case and Paxson, 2008; Gao and Smyth, 2010; Persico et al., 2004; Schultz, 2002; Vogl, 2014) , and studies using twin data imply that in the case of men, cognitive ability could explain the effect of height on earnings (Böckerman and Vainiomäki, 2013) .
Adult height varies geographically between world regions (Deaton, 2007; Natale and Rajagopalan, 2014) and even between Northern and Southern Europe (McEvoy and Visscher, 2009 ). However, less is known about small-area differences within countries and to the best of our knowledge, there are only very few studies that have evaluated national height differences on the small-area level (Ayuda and Puche-Gil, 2014; Baten, 2009 ). Smallarea analyses are able to describe clusters and geographic variations of a given outcome (Elliott and Wartenberg, 2004) . In the case of height, this might be of particular interest because people with high socioeconomic position usually tend to live near others with high socioeconomic position, irrespective of administrative units such as districts or cantons (Panczak et al., 2016) . Such spatially organized socioeconomic and/or demographic effects often continue to be observed after controlling for individual-level factors (Panczak et al., 2012) .
Because average height continues to differ between socioeconomic groups in modern Western societies (Hiermeyer, 2009; Huang et al., 2015; Rühli et al., 2008) , such small-area studies could further point to genetic and socioeconomic associations with height. Switzerland serves as an ideal basis for such studies because of its cultural and demographic diversity and historical stability (four official language regions, and significant variation of geographical and socioeconomic environment). Studies of mortality and obesity have already shown the benefits of small-area analyses in Switzerland (Moser et al., 2014; Panczak et al., 2016 Panczak et al., , 2012 . Moreover, military conscription provides a large, spatially referenced dataset of the anthropometric status of young men at a prescribed age. The data are collected yearly and, amongst other things, include standardized height measurements (Staub et al., 2013b) .
Adult height in Switzerland and its historical development have been described in depth elsewhere (Staub et al., 2013a) , but it is important to note that the positive height trend of Swiss conscripts has plateaued since the 1990s (1970s birth years) on a level of 178.2-178.3 cm for men (Staub et al., , 2011 . Previous studies documented large scale geographical differences in average height in modern Switzerland and found significant differences between Grossregionen based on Swiss Household Panel data (Kues, 2010) and between cantons or districts based on conscription data (Hermanussen et al., 2014; Rühli et al., 2008; Staub et al., 2013a) .
The main goal of this study was to extend this research and explore spatial patterns of height with a higher spatial resolution. We hypothesised that there is a spatial pattern in height among young Swiss men and that this variation is partly explained by socioeconomic and cultural factors. In this paper we use spatial statistical methodology (Section 2), to gain area-based estimates of heights from differently specified models (Section 3) before discussing these results in the light of the current state of knowledge (Section 4) and reaching a conclusion (Section 5).
Materials and methods

Data sources
The recruitment process of the Swiss Armed Forces has been described in details elsewhere (Bruggisser et al., 2016; Panczak et al., 2016 Panczak et al., , 2014 , in brief, all men are reviewed for recruitment during the year in which they turn 19. The military assessments include, among others, a standardized measurement of height (rounded to integers) of every conscript (without shoes and in light underwear), including those who get deferred or exempted (Bundesgesetz über die Armee und die Militärverwaltung, Militärge-setz MG, 510.10, Art. 2; MG Art. 9, Verordnung über die Rekrutierung VREK, 511.11, Art. 3 and Art. 9) (Panczak et al., 2016 (Panczak et al., 2016 .
Data availability and ethics statement
The data are available from the Swiss Armed Forces (Logistikbasis der Armee LBA San, 2014) upon submission and approval of a study protocol. According to Swiss federal law (Bundesgesetz über die militärischen Informationssysteme MIG, BG 510.91, Art. 2, 9, 24-29), the Swiss Armed Forces are authorized to make the data accessible in anonymous form for academic research. The Swiss Armed Forces fully anonymized the records by removing all names, social-security numbers, and exact residential addresses. Because Swiss conscription is mandatory and the anthropometric measurements used in this study are nonclinical, governmental data, informed consent was not required. When the analyses are based on anonymized, nonclinical governmental data additional ethical approval is not needed (Swiss data privacy act, SR 235.1; 19.6.1992 and Federal Act on Research involving Human Beings HRA, 810.30; 1.1.2014) (Bruggisser et al., 2016; Panczak et al., 2016 Panczak et al., , 2014 .
Study population
We included all male conscripts appearing for the first, regular assessment, aged between 18.50 and 20.50 years. We excluded women, conscripts appearing for reassessment, conscripts below 18.5 and above 20.5 years old (who requested to undergo conscription either before or after the year in which they turned 19), those with missing or implausible postcode, those with height beyond a plausible range (below 130 cm or above 220 cm) and conscripts with missing or insufficient data on occupation . The spatial resolution for the study was obtained by using place of residence at the time of conscription, and standardizing the postcodes from various years to that on 31.3.2013 to align them across datasets (Swiss Federal Statistical Office, 2014a).
Representativeness
Currently, no dataset exists that allows precise assessment of the representativeness of the conscript population compared to the total population of young men in Switzerland. However, an earlier study using similar sources ) estimated data to be of high coverage (>90%). Swiss Armed Forces declare that the medical causes of up to 10% of young men who were judged unfit for service in absentia, included the full range of severe diseases and severe physical and psychiatric disabilities (Bruggisser et al., 2016) , were not necessarily linked to growth or height.
Variables
Height was the main outcome. We captured individual level SEP by the occupation, which we treated similarly to previous studies based on this data (Panczak et al., 2016 , by converting the occupation at the time of measurement to the International Standard Classification of Occupations (ISCO-08) code according to the International Labour Organization standards (International Labour Organization, 2014). The ISCO major groups were then aggregated to three major, hierarchical categories of professional status (Hallström et al., 2011) : 'Low' (ISCO major groups 7-9), 'Medium' (ISCO major groups 3-6) and 'High' (ISCO major groups 1 and 2, and students) along with creating a separate category for individuals who were still in education ('Pupils'). Postcodes were classified into three language regions ('German', French; and 'Italian') according to where they were located in relation to the Swiss Federal Statistical Office classification of communities. Finally, we calculated the median value of the Swiss neighbourhood index of socioeconomic position (Swiss-SEP; (Panczak et al., 2012) ) for each of the postcodes (Supplementary Fig. 1 ) and divided it into quintiles.
Statistical analyses
We reported absolute and relative frequencies of the study population and the mean and standard deviation (SD) of height across covariates. We applied hierarchical Gaussian models in a Bayesian framework with individual level data to investigate the spatial pattern of height across postcodes, taking in account potential confounders (Blangiardo et al., 2013; Gómez-Rubio and López-Quílez, 2010; Schrödle and Held, 2010) . This strategy allowed us to model spatial dependency between regions and to obtain smoothed estimates of height across postcodes, particularly for regions with a small number of conscripts (Earnest et al., 2007) . Bayesian approaches in hierarchical modelling have the advantage of 'borrowing' information from other postcodes, i.e., by the implications of exchangeability, an estimate for a specific postcode is made using information from its neighbouring regions, leading to a shrinkage towards the mean and narrower uncertainty estimates. Such modelling can be done in a more flexible way than frequentist approaches (Spiegelhalter et al., 2004) . As a result, this approach did not force us to rely on the unlikely assumption that height is independent across spatial units (Feltbower and Manda, 2012) .
Our hypothesis was that height varies across the country and this variation is associated with socioeconomic and cultural factors. To test this we compared models that varied in the degree of adjustment and the type of random effects used. We fitted ordinary models, models using spatially unstructured effects and, finally, spatially unstructured and spatially structured effects combined (BYM model introduced by Besag et al. (1991) ). In addition, we also varied the degree of adjustment by including occupational status and Swiss-SEP in the first step, and language region in the second.
Similar to previous studies (Assareh et al., 2014; Bernardinelli et al., 1995; Blangiardo et al., 2013; Carroll et al., 2015; Rue et al., 2009) , unstructured and structured random effects were modelled as independent zero-mean Gaussian random variables with vague Gamma (1, 0.01) and Gamma (1, 0.001) priors on the precision parameter. For the fixed effects, we used the zero-mean Gaussian priors with a variance of 10 3 and the default Gamma (1, 0.00005) prior was used for the residual variance. Due to the sample size, prior sensitivity was not considered an issue. The deviance information criterion (DIC) was used to compare model fits (Spiegelhalter et al., 2002) . Postcodes with contiguous borders were designated as neighbours. Postcodes with no observations were represented with one dummy observation with missing outcome and were assigned to the reference (most frequent) categories of the analyzed covariates. All analyses were done in R 3.2.3 (The R Core Team, 2014) using the R-INLA package [ (Rue et al., 2009 ), www.rinla.org]. INLA implements the Integrated Nested Laplace approximation approach for latent Gaussian models (Rue et al., 2009 ). We used choropleth maps (Harrower and Brewer, 2003 ) to present both postcode-level estimates of height and their corresponding posterior probabilities classified according to Richardson et al. (2004) .
Results
The initial sample consisted of 265,928 conscripts of which we excluded 1571 (0.6%) women, 10,305 (3.9%) conscripts appearing for reassessment, 7 (<0.1%) with a missing date of birth, 30 (<0.1%) with implausible heights, 3 (<0.1%) with missing postcodes, 15,311 Table 1 shows the average height across analysed covariates. There was a clear gradient of increasing average height across the strata of professional status with the shortest conscripts being in the 'Low' group (177.83 cm) as opposed to the tallest conscripts being in the 'High' (178.59 cm) and 'Pupil' (178.63 cm) groups. Conscripts were also shorter in the French and, particularly, in the Italian speaking areas of Switzerland. An increasing gradient also existed between the 5th (lowest SEP, 177.74 cm) and 1st (highest SEP, 178.84 cm) quintiles of neighbourhood SEP index. Table 2 shows the comparison of the model fit according to the different types of random effects and adjustment used in the analysis. Three BYM models (Models 6-7) provided a better fit than similarly specified models without random effects (Models 1 and Table 1 Distribution of study population and mean height across covariates. 175,916 male Swiss conscripts. SD -standard deviation, Swiss-SEP -see (Panczak et al., 2012 2) or with unstructured spatial effects only (Models 3, 4 and 5). Adjusting for professional status and Swiss-SEP further improved the fit of the BYM model (Model 7 compared to 6). The addition of the language region variable (Model 8), however, slightly increased the value of the DIC indicating a worse fit. Using the DIC results we selected BYM models (6, 7 and 8). Fig. 1 (top map) shows the estimates of postcode level height difference, and Fig. 2 (top map) -corresponding posterior probabilities, from the unadjusted BYM model 6. There was heterogeneity of height between the postcodes. The range of height differences from the national mean between postcode level estimates was 3.51 cm (range À1.65 cm to +1.86 cm, SD = 0.52). Some large-scale spatial patterns emerged from the map with concentrations of postcodes with taller conscripts scattered across the German speaking part of Switzerland, particularly in the eastern part of canton Valais, and in a belt of northern areas stretching between cantons Basel, Aargau, Zurich, Schaffhausen and south towards cantons of Zug and Schwyz. Pockets of higher estimates were also found around the city of Bern and in Graubünden.
In contrast, postcodes with shorter conscripts were concentrated in the Italian-speaking canton of Ticino and the Western French speaking part of Switzerland (including the French speaking part of canton of Valais), the small Italian speaking part of canton of Grisons (Val Poschiavo), as well as in parts of North Eastern cantons (St. Gallen, Appenzell Ausserrhoden, Appenzell Innerrhoden). Fig. 1 (middle map) shows postcode level estimates of height among conscripts from adjusted model 7. The range of height differences from the national mean was similar to model 1 (ranging by 3.40 cm from À1.69 cm to +1.71 cm, SD = 0.51). The spatial patterns were also largely similar as was variance of random effects (Table 3) . Some areas where shorter conscripts were concentrated in the unadjusted model were lost in the adjusted model 7. This was found in the canton of Bern, Central Switzerland and the Western part of Valais whereas the regions around the lake of Geneva and the city of Basel did not show small clusters of taller conscripts any longer. Fig. 1(bottom map) shows the estimates of height from model 8 (adjusted for language region). A large part of the spatial patterning of height revealed by the two previous two models was captured by the language region covariate and disappeared from the map (e.g., areas of low height in Ticino). This was also clearly indicated in the reduction of variance of random effects (Table 3 ). The range of height differences from the national mean between postcode level estimates decreased to 1.28 cm (range À0.54 cm to +0.74 cm, SD = 0.15). Some concentrations of postcodes with height difference persisted, but were smaller and weaker in effect. Higher values were only scattered in the German speaking part of Valais and parts of Graubuenden and Schwyz, and lower values in the North Eastern part of Switzerland, parts of Jura and around the city of Geneva. Table 3 shows the association of the covariates (fixed effects) from models 6-8. There were significant positive effects of both the individual and the area based SEP indicators. For instance, in fully adjusted Model 8, the height difference comparing 'High' to 'Medium' professional status was 0.65 cm (95% credible interval (CI) 0.56-0.74) and with Swiss-SEP index (reported as per 10 units increase; the original Swiss-SEP ranges from 0 to 100) it was 0.28 cm (95% CI 0.23-0.34). There was a strong negative effect of the language region, with an adjusted height difference of À0.66 cm (95% CI À0.83 to À0.49) for French speaking and À1.54 cm (95% CI À1.88 to À1.20) for Italian speaking regions. The estimates across covariates obtained in models 1-7 were very similar (Supplementary Tables 1 and 2 ).
Of note, the effect of area-based SEP decreased when spatially structured effects were considered (Model 7 vs. Model 4) or when language region was considered (Model 5 vs. 4), potentially indicating 'confounding due to location' phenomena (Clayton et al., 1993; Hodges and Reich, 2010) and implying differing SEP index across language regions: The mean SEP index for the German speaking postcodes was 6.16 (SD = 2.91) and thus higher than in the French (5.94, SD = 3.05) and Italian speaking (5.84, SD = 4.19) postcodes.
Discussion
The aim of this study was to describe small-area variation and socioeconomic associations of height among young men in Switzerland using recent waves of conscription data. Using records from 2005 to 2011, we found a strong spatial structure of height across postcodes. Clear and constant concentrations of high and low values emerged, but regional outliers were also present. Observed patterns resembled the language divisions of Switzerland, with shorter conscripts in the Italian and French speaking parts of Switzerland. Lastly, the results identified socioeconomic gradients in height both on individual and areabased levels.
Our study is the first to reveal small-area differences in height on the postcode level. The main strengths of this study are its use of large, representative and objectively measured data and the size of the sample, which allowed for a high-resolution spatial analysis. Furthermore, the study also benefits from the application of methods that handle small area analyses in such large samples, which has only become possible in the last two decades. As with earlier studies using similar data (Panczak et al., 2016 , this study also has important limitations. First, the results are applicable to young men with Swiss citizenship only and cannot be transferred to women, other age groups or to persons without Swiss citizenship. Second, the language region had to be included as an ecological variable because information about the mother tongue was not available on the individual level. Third, occupation is a limited measure of socioeconomic position, particularly for young individuals (Fuchs, 2004; Staub et al., 2010) , in particular, Table 2 Comparison of fitted models. DIC -deviance information criterion (see (Spiegelhalter et al., 2002) ), Swiss-SEP -see (Panczak et al., 2012) . Lower values of DIC indicate better model fit.
Model
Random effects Adjustment variables DIC Fig. 1 . Postcode level estimates of height differences (model 6 = unadjusted; model 7 = adjusted for professional status, Swiss-SEP; model 8 = model 2, additionally adjusted for language region; all models with spatially unstructured and structured effects).
there are no details available on the educational level in general, and in particular of those young men registered as "pupils". As a significant number of conscripts were still in school and it will take time for them to establish themselves in the labour market, we attempted to mitigate these limitations by additionally using an area-based SEP index, which at the moment is the only such indicator available in Switzerland (Panczak et al., 2012) . Fourth, conscription data do not provide information about the migration background of the young men. Estimates made by the Swiss Federal Office of Statistics in 2014 show that up to 15% of males aged 18-22-years with Swiss citizenship have a 2nd or 3rd generation migration background (Swiss Federal Statistical Office, 2014b) . Fifth, our data do not include the place of birth of the conscripts, which might be of particular importance when focussing on early life environments and their association with adult height. Our results confirm findings from earlier studies on the levels of cantons or Grossregionen (Kues, 2010; Rühli et al., 2008; Staub et al., 2013a ) that young Swiss men are shorter in Ticino (similar to the 19th century) and in East Switzerland (the cantons Appenzell Ausserrhoden and Appenzell Innerrhoden, in particular). The national Swiss average (178.19 cm) fits well with estimates from Central Europe (Hatton and Bray, 2010) . Average height in Northern Switzerland matches well with the levels observed in South-East Germany (178.0 cm in 2000 , (Hiermeyer, 2009 ), whereas conscripts in Ticino are similar to the Northern Italians (176.48 cm in the North East for the 1980s birth years (Arcaleni, 2006) ). The significant effect of individual SEP (as measured by occupational status) on the height of the Swiss conscripts has been observed previously (Rühli et al., 2008) . Previous studies suggest that SEP might influence height through a complex interplay between several factors such as parental education and assortative mating between both parents on the one hand and nutrition, disease environment, or physical workload during the growing years on the other hand (Bogin, 1999; Galobardes et al., 2006; Steckel, 2009; Stulp and Barrett, 2016) .
The spatial patterns might result from several factors. On the one hand, the significant individual and area-based socioeconomic effects suggest that the spatial pattern of height, particularly in the midlands of Switzerland, might partially follow the distribution of socio-economic groups across the country (who lives where at the time of measurement?) (Panczak et al., 2012) ( Supplementary Fig. 2, top map) . On the other hand, the average height also follows natural/cultural boundaries, such as language borders and mountain passes, indicating also a possible influence of genes and/or culture particularly in the alpine areas in Southern Switzerland ( Supplementary Fig. 2, bottom map) . Studies have shown that genetic data of the population structure around and within Switzerland varies by language and the corresponding language areas (Novembre et al., 2008) . Moreover, the language borders, partially accentuated by high mountain passes, for example between Valais and Ticino, serve as a historically stable proxy for diverse cultures and are an obstacle for population exchange (Mayer, 1951) . There is some evidence that the reduced intermixing and interaction between these communities could contribute to differences in growth and adult height (Aßmann and Hermanussen, 2013; Hermanussen et al., 2014) . Regional nutritional patterns, especially for animal protein and milk consumption, proved to be an important determinant of regional variance in adult height (Baten, 2009 ). Unfortunately, we could not test this hypothesis because nation-wide and reliable small-area information on nutritional patterns do not yet exist for Switzerland. Moreover, there might exist more factors influencing the observed patterns, which have yet to be identified.
Conclusion
Our results indicate discrepancies in adult height among Swiss conscripts. Small area mapping of height contributes to the understanding of this biological phenotypic feature by adding to the debate that both individual/area-based socio-economic position and cultural/natural boundaries such as language borders and mountain passes are important factors. Height adds to the list of traits like obesity or life expectancy, which show a strong spatial variation, irrespective of administrative boundaries. In particular, the coaction of both cofactors, language regions (also reflecting genetic background) and individual/area-based socio-economic background offer potential for further studies focussing on the underlying mechanisms. Researchers and policy makers should consider including such dimensions when planning studies and/or interventions. However, further studies modelling small area differences in height are needed to better distinguish between all the contributing factors. For example, focussing on the Southern cantons Valais and Ticino and particularly on the language boarder areas (maybe even based on individual residential addresses) from conscription and other data sources (including women, other age groups, or longitudinal growth data), adding individual/ecological variables for nutrition, or analysing height clusters within larger cities might further enhance the state of knowledge. Table 3 Differences and constant estimates of height (in cm) and their 95% credible intervals from models with spatially unstructured and spatially structured random effects, unadjusted (Model 6), adjusted for professional status and Swiss-SEP (Model 7) and additionally adjusted for language region (Model 8). Swiss-SEP -see (Panczak et al., 2012 
